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Abstract— Drawing from lessons learned in the combination =~ One of the challenges of doing rigorous scientific research
of sciences and engineering in the field of human-computer in robotics is creating a body of knowledge through proper
interaction, this paper presents a set of issues relating 10 ggiantific experimentation. As thoroughly discussed by@im

improving the scientific rigor of experiments in robotics, moving .
toward a sciences of robotics. It highlights the strengths of a [15], though the sciences of the natural world are often beld

variable-based approach to the study of technologies in com- @S gold standards (e.g., physics), there are also rigorays w
parison to A/B testing. Two specific examples of human-robot to study artificial things (i.e., things that are synthediby

interaction experiments are presented in terms of the method- human beings, p. 5), which may be different. This suggests th
ological design decisions made in the process of conducting thatlooking at other sciences of the artificial, e.g., human-goter

published research. Finally, a broader discussion of experimental . . . : .
methodologies addresses issues of experiment designs, statiﬂ;tice{nteracuon (HCI) and human-robot interaction (HRI), ntigh

analyses, reporting methods and results, and other experiment be helpful for informing good experimental research prasi
work practices that may provide guidelines and work practices in the broader robotics community. This paper aims to take
from othe_r discipl_ines to improve the standards of experimental g concrete step toward articu|ating the goa|s and standards
research in robotics. necessary for meeting the challenge of building a rigorous
science of robotics from an HCI/HRI perspective.
. INTRODUCTION

: . , I[l. GOALS AND STANDARDS
The fusion of science and technology is a challenge faced

by many engineering research efforts, including robotiise ~~ One goal may be to build robotic systems that are both
particularly useful frame for thinking about the relatibips Systematic and empirical technologies [12] in order to tmve
between science and technology was articulated by Mich&epcience of robotics. In other words, these robotic systems
Polanyi, a philosopher who coined the terms “empirical tecghould be deeply informed by existing scientific knowledge,
n0|ogy” and “Systematic techno|ogy" []_2] Empirica] tech.and also inspire new directions of scientific inquiry. Tosthi
nologies are those technologies that are largely unsfientiend, it is informative to review the standards by which
but are so unique and innovative that they inspire new séiient scientific experiments are designed, conducted, and pezsen
theories and explorations, thereby contributing to saenc Among the many standards of scientific research is the
Systematic technologies are those that are deeply infobypedexpectation that phenomena are observable, repeatalde, an
current scientific knowledge, thereby benefiting from scéen objective (or, at least, free of as many sources of bias as pos
In an ideal world, any given robotic system would contaifiible). The implications of these standards are that exgeris

the best of both—incorporating the state of the art in sdpust:

entific knowledge and inspiring fundamentally new research1) use good measures, which are standardized and/or usable
qguestions. This balance of science and technology faeitita by others, and are as objective as possible

a feedback cycle between the engineering work of inventing2) clearly and thoroughly explain the exact methods used
new technologies, and the scientific work of generating new  to run the study so that others can reproduce the study

knowledge. to see if they get similar or different results
3) minimize subjectivity in experimental observations
Fig. 1. Polanyi's Relationships Between Science and Tdogyo Many of the lessons learned from methods courses in ex-

. . - . perimental social science research are directly appkcibl
science informs systematic technologies ) . )
the methods that could improve the quality of experimental
research in the robotics community. For example, creating
standardized and thoroughly tested sets of measures (e.g.,
handbooks of research measures) are common practice in
fields such as Cognitive Psychology, Social Psychology, and
empirical technologies inspire science Communication. These measures are tested for many types of
validity, including:




« face validity: how reasonable a measure seems to be foontrast, a variable-based approach to robotic systems can

its concept identify the common threads that are woven through sets

« content validity: how thoroughly a measure addressesf systems that systematically influence their quality and
the breadth of a concept performance.

« construct validity: how much a measure causally relates The variable-based approach also goes beyond experimental
to other variables within one’s theory methods. It also supplies research communities with plertab

« external validity: how generalizable the results will beconcepts and raises awareness of issues for other contexts.
to other systems and contexts Regardless of whether research takes place in the lab or in

All of these validity criteria involve how valid and general the field, the variable-based approach enables “the researc
izable one’s research results may be. The reliability ohsudto] make conclusions that will apply to a wide range of
measures is also important. Reliability refers to how jjkeltechnologies (and organizations), including technoledand

it is that one would find the same measured results if oféganizations) that the researcher has never seen andimglu
used the same measure more than once. Though a deméeehnologies (and organizations) that do not even exist yet
a robotic performance may work once, the reliability of itépp. 61-62). A variable-based approach offers the ability t
performance is another aspect to consider when evaluasingf@rm theories around dimensions (e.g., system complexity,
quality. Reproducible results are critical to the evalmtbf interactivity, similarity to humans; task regularity, peanence
scientific results. across space, synchronicity) rather than objects (e.gAsPD

Reproducible results are also only possible when one gleagell phones, robots).
and thoroughly explains one’s methods such that readers off his variable-based approach also applies to engineering
the publication could easily run the same study on their ovd practical concerns such as organizational decisidinga
to evaluate the original results. By providing more thotougln terms of technology design, there is a clear role for tech-
descriptions of the environment, experimental set-up, af@logical innovation to drive scientific inquiry. “To the text
participant population, experimental work in roboticseamsh to which a technical process is an application of scientific
could much more readily build upon existing studies in ordénowledge it contributes nothing to science, while emapiric
to both evaluate, revise, and extend previous theories dfghnology, which is itself unscientific, may well offer ftbris
experimental designs. very reason important material for scientific study” [12}. |

There are many ways to reduce subjectivity in experimenl@ﬂher words, the invention and adoption of new technologies
observations, including using double-blind experimerset- inspires the investigation of new technological dimensidfor
ups in which neither the experimenter nor the participaht @xample, if there were no radios or telephones, we would not
there is one) knows which experimental condition is being ruhave studied face-to-face communication in terms of dimen-

sions like copresence, visibility, or simultaneity (€3). Sim-
IIl. VARIABLE -BASED RESEARCH ilarly, scientific variables can feed back into practicaiuies

Scientific experiments are typically informed by theoriesuch as managerial decision-making: “By considering al th
hypotheses, or just a hunch that there is some variable &) tdimensions of a technology, not just the dimensions which
causally influences another variable (Y). These experiatenbne intended to purchase, managers can predict can predict
results allow for generating knowledge about how changingtie net effect of a technological change of organizational
influences Y in a desirable direction. An extremely powerfulehavior” ([11], p. 62). Unlike the more typical applicatiof
and applicable explanation of how this notion applies to titechnology-to-science or science-to-technology, thisatsde-
study of technologies is Nass’s argument for taking a végtabbased approach allows for mutual feedback between both
based approach to technologically-oriented research Nd§s domains.
argues that comparing technology A (e.g., radio) to teabmol  The variable-based approach is one that has been applied
B (e.g., television) does not make sense unless you omty human-computer interaction and human-robot interactio
care about the difference between the specific technologi@dRI) to create knowledge that is usable and testable by®the
Instead, in order to make more generalizable conclusidnsjn the future, regardless of changes in the specific tecigieso
is even more powerful to figure out exactly whidimensions To ground these ideas in real experimental robotics wom, th
of a technology matter (e.g., size, responsiveness, speedjollowing section presents two recently published studhes
terms of influencing the outcomes that one cares about (etgke a variable-based approach to HRI.
performance on task).

The major problem with object-centered approaches to
scientific study is that “theories that are specified or opera These two studies present concrete examples of published
tionalized in terms of one technology can never be applied tRI research. Both studies were designed to be informative
any other technology, whether extant or potentially atdda for HRI theories and the design of human-robot interactions
(p. 49). Object-centered studies confound all of the véemb thereby benefiting both scientific inquiry and engineering /
at play within any given technological system (e.g., stndyi design work.

“telephones” rather than “analog, keyboard and receiautin ~ In terms of experiment design, both studies employed
high fidelity, two-way processing technologies” (p. 62)). | random assignment of participants to experiment condition

IV. EXAMPLES OF VARIABLE-BASED RESEARCH



isolating the causal independent variables of interestu¥ésl the participant had assembled or that it was a differenttrobo

between-participant experiment designs, making it exttgm from the one that the participant had assembled. The cover

difficult for any given participant to guess at what variablestory for the need to take the robot behind the wall was that

were being manipulated in the study. Between-participaall participants had to use comparable robots in the study.

experiment designs are also helpful for avoiding issues ofAs done in previous work [9], we evaluated people’s per-

reactivity that are sometimes found in within-participaxt ceptions of how much the robot’s personality overlappedh wit

periment designs. their own personality as a proxy for understanding how much
In terms of the participants, none of the people in the stugheople experienced a sense of self-extension into the .robot

were labmates or close friends of the experimenters of thi¢e also measured how attached people felt to the robot, how

study so they were less likely to try to help the experimentemuch in control people felt in the interaction, and how much

find particular results. A limitation of these studies istthaof a teammate they perceived the robots to be. Each of these

they used a university student population so the resulthiimigttitudinal indices were created through the use of mutipl

only generalize to other university student populationsisT questions. This helped the indices to be more robust to the

is explicitly mentioned in the text of the reports and can bgarticular nuances of single-item measures.

addressed by replicating the studies with other population Because we were not interested in gender differences, but

We were careful to balance the number of male and femalanted to be sure to equally address both genders in the

participants in each of the experiment conditions in oraer general population, we chose to balance gender across &ach o

have a more representative sample of participants in oelatithe conditions. Thus, we accounted for gender balancinigan t

to the more general population. experiment design, but did not treat gender as an indepé&nden
Because the effect sizes of these manipulations were wariable in the data analyses.

known, we did not conduct power calculations to determine

how many participants to run for each condition. If we were TABLE |

to run follow-up studies, then we could use the effect sizes D'STRIBUTION OF PARTICIPANTS (MALE / FEMALE) IN STUDY 1

found in these studies as inputs for the power calculations.

In t f dat lvsi d ti f It tati CONDITION humanoid robot  car-like robot total

~In terms of data analysis and reporting of results, statis-—sgassembied 777 777 4714
tically significant differences between experiment caondi other-assembled 717 717 14/ 14
were reported. Results approaching significance were noted total 14714 14714 28 /28

but not used to make strong interpretive claims. Because
we used standard data analysis techniques (e.g., analysis dhe procedure for this study involved filling out a pre-
variance), the results lend themselves to analytical isgrut questionnaire, building a partially assembled robot ggithe
and comparison against related work. humanoid or car-like robot), having the robot taken away

All limitations we could identify were included in the textbehind a wall and returned (as either the “self-assembled” o
of these publications so that others can decide how to irgerp‘other-assembled” robot), play a game with the robot, and
the findings and how to improve their own future work.  filling out a post-questionnaire.

] Using a simple analysis of variance (ANOVA), we found

A. Study 1: Self Extension Into Robots that people had more positive experiences and felt a greater

Taking a variable-based approach to HRI, the first study [8gnse of self-extension into the robots that they built them
investigated the research questions: How does one’s experi selves. Similarly, car-like robots evoked more positive ex
with building a robot influence one’s interaction with thdod periences and a greater self-extension into the robots when
and perceptions of the robot? Also, how does robot forsompared to human-like robots. The humanoid robot was
influence a person’s experience with the robot and peragptigerceived as having greater control over the situation than
of the robot? To address these two questions, we designed @®like robot. Those robots that were self-assembled alsce
(robot form: humanoid vs. car) x 2 (assembler of robot: seberceived as more like teammates to participants than-other
vs. other) between-participants experimeNtEb6) in which assembled robots.
people built a robot (either a humanoid or car) and used aAs much as possible, we held constant all variables that
robot (either the one they built or one that was supposedlere not of interest. This is consistent with the notion of
built by someone else) to play a game. ceteris paribus in experimental psychology, i.e., maigifod

The independent variable of robot form was manipulatezhly the variables one is studying and holding all else cmtst
by altering the physical form of the Legos Mindstorm robofor example, we made sure that the humanoid and car-
to be either more human-like or car-like, but use approxafyat like robot forms were similar in size, were made of the
the same parts between the two forms. The manipulation sme materials (the same Legos Mindstorm kit), and were
a self-assembled vs. other-assembled robot was impletherdapproximately the same in terms of complexity of assembly.
by taking away the robot from the participant after they had As with all of our lab’s studies, we used standardized
assembled it, making some shuffling noises behind a watheasures or slight modifications thereof so that our results
and then returning to the participant with the same robotould be usable by others and more readily compared against
either telling the participant that it was the same robot thaxisting literatures. Selecting from standard measured us



previous work of researchers in the field (e.g., from [9]) e®k participant’s decision was swayed by the opinions of th@tob
for a good starting point for generating one’s set of depehdéNVe used Principle Component Analysis to identify which
variable measures. Likert scale items were inter-correlated to generate eslicf
Implications for both theory and design were discusseperceived robot agreeableness (2 items), sense of sityilari
Of primary importance to theory was the support of thwith the robot (4 items), and liking of the robot (8 items).
hypotheses (1) that less human-like forms of robots wouRkliability of each index was calculated, using Cronbach’s
encourage greater self-extension from people and (2) tlpha.
people self-extend more into robots that they built themesel Just as in Study 1, Study 2 was not explicitly designed
than robots that were built by others. The implications fdo check for gender differences in how people respond to
design are (1) that less human-like forms of robots and seffisagreeing robots, but it was designed to balance the gende
assembled robots should be used in situations where selfparticipants across experiment conditions. Thus, wdivan
extension into robots would be positive and (2) that mougarticipants of each gender in each of the four conditions.
human-like forms of robots and other-assembled robotsldholf we had wanted to analyze these data with gender as an
be used in situations where self-extension into robots svouhdependent variable, then we would have run at least ten

be negative. participants of each gender in each of the four experiment
. . conditions, thus doubling the total number of participaints
B. Study 2: Disagreeing Robots the study.
Taking a variable-based approach to HRI, the second study
[17] investigated the research questions: How does rolset di TABLE |I

agreement with a person influence human-robot collab@rativ DiSTRIBUTION OF PARTICIPANTS (MALE / FEMALE) IN STUDY 2
task performance? How does the placement of robot voices—s5=on agreeing robot _ disagreeing fobot| ot
(speakers) influence the human-robot team performance? TPDvoice on robot 575 575 10710
address these questions, we designed a 2 (robot disagreemep voice in box 5/5 5/5 10/10
none vs. some) x 2 (robot voice location: on robot body vs. total 10710 10710 20720
in control box) between-participants experimeNtg0) in the

context of a human-robot desert survival task. This task wasThe procedure for this study involving filled out a pre-
used in previous research in human-computer interaction, lguestionnaire, reading over the desert survival scenarib a
was modified for the design of this experiment. writing down one’s initial survival item rankings, intetawy

The robot’s voice location was manipulated by changingith the robot to get the robot to fetch the survival items
the location of the speaker through which the robot’s voida order of importance, writing down one’s final survival
prompts were played. The voice location on the robot bodem rankings, and filling out a post-questionnaire. Theotob
was implemented by placing the speaker on the robot’s bajehavior was created by a Wizard of Oz methodology [4] in
The voice location in the control box was implemented byhich two people hid in a side room, controlling the robot’s
placing the speaker inside of a hollow box placed on thaotions and triggering pre-recorded voice responses fram t
ground in front of the participant. robot to the participant.

Because we did not want the robot’'s disagreements to beOnce again, using simple ANOVAs, we found that people
specific to any particular items in the set of survival items, were more accepting of disagreeing robots if their voices
chose to have the robot disagree on the second, fourth, avete projected from separate bodies (e.g., control boxes);
fifth item choices of the participant. The robot would deseri this was an interaction effect. Participants actually cjeah
the item selected by the participant, offer an opinion abotheir answers more often when the robot disagreed with them
its relationship to the alternative selection, and thercdes than when the robot always agreed with them. They also felt
the alternative item. For example, if the participant chibee that the robot was more similar to them and more agreeable
knife over the pistol, then the disagreeing robot would saywhen it agreed than when it disagreed with them; this was a
“The knife could be helpful for cutting down stakes to buildnanipulation check.

a solar still or to build shelter. It could also assist in mgt  We chose a slightly modified version of a standard ex-
down firewood for a fireThat is not as good athe pistol, perimental task (desert survival collaborative decigivaking

which could be used for signalling for help. It could alseask) that is actually used in real-world team-buildingisgs
provide an alternative noise source if your voice is weak daed has been used across dozens of studies in human-computer
to dehydration. Which do you choose?” The agreeing robistteraction in the past. Because the task was modified, we
would say the same quote, except that, “that is a better ehofrovided the exact script of the robot voice prompts in the
than,” would replace the phrase, “that is not as good as.” text of the publication so that others could use the same task

We measured decision-making outcomes and attitudes ifothey wanted to run a replication or follow-up study in the
ward the robot in this study. Because the robot only disabrefuture.
with participants on the second, fourth, and fifth items, we Unlike the first study, we used both behavioral and attitudi-
measured how many times each participant changed theéd measures so that conclusions could be drawn about both
answers on one of those three items to indicate how much gerformance on the task and feelings about the experience.




While it is often easier to gauge differences in attitudesuabo Experiment design guidelines in the discussion of Studies
a particular experience with a robot, it is often more impott 1 and 2 include:
to know if there are differences in behavioral task perfaroea holding all else constant besides the independent vari-

with robots, too. _ _ ables of interest (ceteris paribus)
Implications for both theory and design were discussed., randomly assigning participants to experiment conditions

In terms of theory, this study supported the notion that, balancing the number of female and male participants in
the physical placement of robot voices influences people’s each experiment condition

behaviors and attitudes about robots; it also supportsatiem  , ysing standardized and/or previously used tasks

that robot “opinions,” not just facts, can influence deaisio , ysing standardized and/or previously used measures of
making behaviors in people. In terms of design, this study dependent variables

suggests that robots that will have to disagree with people,, including both task performance and attitudinal measures
should have their voices places off of the robot body; it also  (in the case of human participants)

suggests that judgments made by robots should be carefully representative sampling of participants from the popula-
designed because people’s decisions might actually beesivay  tion of interest (in the case of human participants)

by those robots’ opinions. Many other experiment design guidelines not raised earlier
include:
« ensuring sufficient data points in each condition, using

While these two sample experiments in human-robot in-  power calculations (if effect sizes are known) or norms
teraction provide one example of experimental research in  jthin the research community

robotics, figuring out how to hold other domains of robotics , ysing a variety of instantiations to improve the general-
research to similar standards is still open for discussion. izability of results
« protecting the rights of participants (in the case of human
participants) [1]
The current push for benchmarking [5], shared data setsThese guidelines are just a starter set of issues to consider
(e.g., computer vision data sets [2]), shared performangg@en designing experiments for robotics research.
metrics (e.g., [16]), and standard testing grounds (e.tl5TN  The emphasis on one-time demonstrations of robot per-
testing sites) are solid steps toward improving the stat®laformance (e.g., grand challenges or other competitions) in
of experiments in robotics research. Dillman [5] organizeghotics are one way of comparing the performance of robots,
benchmarks along two dimensions, functional/analytic amgit they do not necessarily prove that one’s robotics resear
component/system types of evaluations, which is a usefglconsistently better or worse than another lab’s. Funtioee,
taxonomy for organizing robotics system evaluations. unless the robots are specifically designed to test thetiiec
Ongoing work in pushing for more open source software fefess of particular aspects of robots (e.g., quadruped pedhi
robotics (e.g., ROS, Player/Stage, YARP) and shared haedwghen these competitions do not necessarily offer genataltz
platforms (e.g., Willow Garage’s PR2, iRobot’s Create, angblutions for future robotics research projects. The gativer
Activerobot's Pioneer) represent another step towardisar results of scientific research are contributed by havingelar
more research tools to enable generalizeable and repeatgimple sizes of repeatable demonstrations.
research. In an effort to improve the sharing of such researc of particular relevance to robotics research is the conside
across labs, Willow Garage is generating and sharing afion of how generalizable one’s results will be if the study
open source robot operating system (ROS) and will soon Rerun with a one-of-a-kind robot hardware. Though it is
launching a beta program to make a hardware robotic platfogieady a challenge to get one system working for a demo,
available to approximately ten robotics labs so that they cg is even more difficult to get a system running on a variety
share and test their work more readily. of hardware platforms. The benefit of being able to reliably
demonstrate one’s research contribution on more than qee ty
of robot (e.g., using one’s new algorithm, introducing new
Experiment designs become surprisingly complicated whégnsor hardware, etc.) is that the results of the studies are
there are too many research questions and/or variableayat pimuch more generalizable and shareable.
Because it is often expensive to run such experiments, it is
tempting to test many hypotheses and variables at once, Bt
this is generally a bad idea because the statistical metismts  One must be very careful when statistically analyzing and
for analyzing such data become increasingly complicatetl aimterpreting results. A particularly helpful referenceokdor
difficult to interpret. There are many other aspects of &tsidichoosing experiment designs and their statistical anslyse
1 and 2 that we considered, but left out for these reasonsisitWiner's textbook that occupies the bookshelves of many
was safer to save those variables for follow-up experimerggperimental psychologists and graduate students [18k Th
than to risk creating needless complexity in these initiatlg is not an introductory text for beginners in experiment gesi
designs. but it is a useful handbook for those who already know

V. DISCUSSION

A. Ongoing Efforts

B. Experiment Designs

Statistical Analyses



the basics and want to look into more advanced experimamnues both inside and outside of the APA [13]. It explicitly
designs and analysis techniques. More recent developnmentstates exactly what types of information need to be reponted
dyadic analysis [8] are also useful for understanding pafirs each section. For example, the methods section of a standard
participants rather than just individuals. Many of theistatal APA submission must include participant populations and
analysis techniques from education and agriculture are aldemographics, equipment and materials used in the study, an
helpful for figuring out how to analyze group-level data. Istep-by-step procedures for the study. The results sewticst
one is at a university, then it is also often helpful to cohsuinclude informationally adequate statistical resultgluding
with members of the Statistics Department to get advice specific values that must be reported for each type of statist
both the design of studies and the proper analyses of the datalysis such as statistical power, statistical signifieapffect
collected from those studies. size and strength of variable relationships.

One particularly common statistical analysis that must be Some of the experiment reporting issues included in the
critically evaluated is statistical modeling. Cognitivedeling discussion of Studies 1 and 2 include:
in artificial intelligence research makes heavy use ofsitadil . explicitly stating research questions and hypotheses
models. Statistical models are useful for being able to show, (eporting only statistically significant results, not only
that one’s model is better than other models at predictieg th  gescriptive results (e.g., frequencies, means)
variance in a desired outcome (via R-squared comparisons), thoroughly reporting on methods and procedures so that
However, an issue to point out in this domain is that the (eaders could run the study on their own
outcome of such statistical models is highly dependent upon, expjicitly discussing limitations of each study
the selection of variables included in the model. Addinga ne
variable to a model (X2) can even change the direction (+/-) .
of influence of existing predictors (e.g., X1) upon the dagir ¢ thoroughly covering related work to better ground the
outcome (Y). This is taught in basic statistics courses and i  Study in existing literature _
cause for concern over the casual use of causal models in reéducing bias in language used for reporting results, e.g.,

Other experiment reporting issues include:

statistical analyses [14]. Though it is becoming increglgin hypotheses are never “proven,” only “supported” _
easy to toss in and swap out predictor variables with thetiate ¢ cautiously reporting on statistically non-significant-dif
statistical analysis software packages, it does not nadBss ferences; you cannot “prove” that two conditions are the

mean that these are productive work practices. Unless the Same, using p-values, because non-significant results can
researcher has very high confidence in his or her selection @S0 be caused by faulty experiment designs, measures,
of predictor variables and relations between them, it dags n ~ @nalyses, etc., not a true lack of difference

make sense to use complex causal modeling to analyze one's thoroughly and clearly labeling figures and tables

data. « defining the most important terms, e.g., how was “accu-
racy” calculated?
D. Reporting Methods and Results Because of the written linguistic format and static imagery

There remains an open question of how experiment resuliged in research publications, it is often difficult to shtre
should be presented in publications. A goal for such statsdarichness of the system, the data, and the results, but pngvid
of reporting might be enabling others to have sufficientinfodigital repositories for public access on the Internet is oy
mation presented in a transparent enough way such that theghare research in other formats, e.qg., [2]. Other priesisg
could re-run the experiment themselves. If this requiredipg scientific publication venues such &tiencerequire much
data sets online (as done by CMU [2]), then the publicatiomsore rigorous and thorough paper submissions than the final
should point to the exact location of the repository of dafarmats that are ultimately published. The goal is to previd
for others to test their own systems. If this requires paldéic succinct and readable articles for a wide variety of readers
hardware and/or software, then the means for obtainingethde understand, but to also have the rigorous and thorough
resources should also be made explicit. Including versioeporting available elsewhere in case the reader is intgtes
identifiers of code checked in to subversion repositorieslevo in the richer details of the study. This might be an option
help others to replicate the original authors’ work. Altgbu to consider for robotics research publications in the fitifir
this might seem to run against individual's desires to stay it would be helpful to reach a broader readership while also
the lead of a research area, it is actually beneficial to thedressing the detailed concerns of other researchergwith
individual to share one’s code and other resources in oalerane’s own field.
enable others to build upon and extend one’s work, conibut Regardless of how these publications are presented, it is
to a more open research community, and encourage morgical to maintain high standards for scientific repaogtiof
researchers to read, use, and cite one’s research putrisati robotics research if there are to be more generalizable and

One particularly useful example of a research communitg-usable methods and results. By being more forthcoming
with strict standards for reporting experiment resultshe t about one’s research process and analysis of data, it become
American Psychological Association (APA). The APA manuglossible for the reader to appreciate the thoughtfulness an
is a standard handbook used by anyone who wants to publggiientific rigor of one’s work. By being vague or secretive
in this research community and by all editors of publicatioabout one’s research, it is reasonable for the reader tesusp



that one has sloppy scientific methods to hide. at play in integration of robots into real-world hospital nkeo

flows. Grounded theory methods might also be used to identify

which variables most effectively improve performance Kwit
While it may seem like experiment design and reportingr without people) of perception, navigation, manipulatior

are straight-forward, what you find in textbooks and acadenwther robotics research areas.

courses are not exhaustive of the actual experiment work

practices one would observe and learn by doing actually VI. CONCLUSION

conducting research in a lab. . In this paper, we began by reviewing the theoretical liter-
One O,f the mogt helpful and yet unr(_eported work praCt'C%?ure regarding the relationships between science and tech
of experimenters is the use of p|Io.t testing. Because WS“SI nology as well as variable-based approaches to research. To
are not O.“e’? thoroughly reported in most research pulitinat ground the discussion in improving experimental methodolo
venues, it might seem like few researchers use them. HoweygLs iy ronotics, we presented two published experiments
we often use pilot tests for evaluating our experimentaish, ¢, the human-robot interaction research literature. kéat
whittling down measurement sets to include only those iterg o ssed the broader issues in experimental methods|ogie
that are necessary, and getting a rough sense of Whethefn@uding experiment designs, statistical analyses, nteg@p
not we think that the study is worth running. EXperiments,ey,oqs and results, and other experiment work practices.

are very costly in terms of researc_hers time so It is worth Good experimental research requires having the humility
piloting every part of the study possible before commitiing to give oneself the chance to be wrong. Testing theories and

running the full version. As an example, we piloted the r(')bofterating upon them is the nature of scientific research.iEmp

building instruction set several times to iteratively irope ically generated research findings are beneficial to sfienti

the simplicity and comparability of the two rObOt'bu”dingknowledge in that they either support one’s ideas when the re

sessio_ns. We also pilot tested each_ of the_ sets _Of voice 2981Mts are consistent with one’s predictions, or they guitese
recolr(;jmgs n St';]ud);_z Ibeftorde seledctlfng V.Vh'Ch \{[0|c$]_ar(]:tor§ W&eas in new directions when the results are not consistent
would use 1n the tinal study and figunng out WRICh VOICGiw, gnerg predictions. By clearly and thoroughly desaribi
pr(_)mpts had to be re-recorded to improve their aUd'b'I'th e's experimental research, other scientists can rurtiadén

It is helpful to have both very experienced researchers aBB similar studies to test the validity and generalizailif
novices participate in pilot studies because they areyikel one’s claims

comment upon very d|ff_erent aspects of the study des_|gn aN%while generalizability in robotics is difficult to achieve
implementation. If your first few participants have troutsith due to the diversity of robotic parts and systems in various

your experiment design, it is fine to remove their data frorP?esearch labs, it is not impossible. If one lab does studies

the final data set, improve upon your study design, and Stgﬁ their unique robot, the hypotheses, methods, and measure

fresh with the subseq.uen.t part|C|pants. . used by that lab are still usable by others. By testing and
Another work practice in experimental research that is nfé
c

E. Experiment Work Practices

ften di dis th ¢ tina hvpothesd plicating others’ evaluations of their own robots, thddfie
0 e? |s%usst§ 1S the proc_:esls othg(inera lt?gl YPOINESES. My move forward to create more general results that apply to
INVOIVES 1den |fy|ng me variables that one believes arpom multiple types of robots instead of finding particular résul
tant and hypothesizing about the causal relationshipsdetw . :

) . that uniquely apply to particular robots.

those variables. Because so much of the experimental odsear
Iiterature.focuses upon the experiments thgmselves, sy e VIl. ACKNOWLEDGMENTS
to lose sight of why the researchers took it upon themselves _ _ o
to run the studies and test their particular hypothesesén th Thanks go to Steffi Paepcke for helping to edit this paper.

first place. Some people take a very theory-oriented approac
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